Introduction
In this paper we make use of the usual notation:
for the complete bipartite graph with partition sets of sizes m and n, , n K for the complete graph on n vertices, 1 K for an isolated vertex. The other terminologies not defined here can be found in [1] .
A decomposition { } 
The computation of ( ) N n is one of the most difficult problems in combinatorial designs; see the survey articles by Abel et al. [4] and Colbourn and Dinitz in [5] . Since ( ) , N n G is a natural extension of ( ) N n , the study of ( ) , N n G for general graphs is interesting. El-Shanawany [6] establishes the following: i) x y of , n n K is defined to be the difference y x − , where , n x y ∈  . Note that sums and differences are carried over in n  (that is, sums and differences are carried modulo n). Let G be a subgraph of , n n K without isolated vertices and let
( ) E G n = and the lengths of all edges in G are mutually different.
Lemma 2 (see [8]).
If G is a half-starter, then the union of all translates of G forms an edge decomposition of
In what follows, we denote a half-starter G by the vector ( ) ( )
v can be obtained from the unique edge ( ) ( )
Theorem 3 (see [8] ). Two half-starters ( ) ( )
If two half-starters ( ) v G and ( ) 
In the following, we define a G-square over additive group n  . Definition 4 (see [6] ). Let G be a subgraph of , n n K A square matrix  of order n is called an G-square if every element in n  occur exactly n times, and the graphs i G ,
We have already from Lemma 2 and Definition 4 that every half starter vector ( ) v G and its translates are equivalent to G-square. For more illustration, the first matrix 0  in equation (1) is equivalent to the first row in 
, where
is a collection of d graphs, each one is isomorphic to the graph F.
2) :
is a class of disjoint sets of vertices (i.e.,  decomposed into 1 d + disjoint sets such that no two vertices within the same set are adjacent).
As a special case if the given graph F is isomorphic to 1,1 K then ( )
, is the natural path ( )
, the path of 6 sets of vertices and 5 edges of 1, 3 K . 
Mutually Orthogonal Graph-Path Squares
The following result was shown in [7] . Here we present another technique for the proof. 
It remains to prove the isomorphism of K by 4 P given in Figure 3 are associated with the three mutually orthogonal 4 P -squares as in Equation (1) 
Note that, every row in Figure 3 represents edge decompositions of 3,3 K by 4 P . 
Our task is to prove the orthogonality of those q half-starter vectors in mutually. Let us define the half starter 
